We herein report our experience with patients who had nontuberculous mycobacterial lung disease (NTM disease) accompanied by organizing pneumonia (OP). Out of 98 NTM disease patients who had undergone a biopsy or surgical resection, 11 patients had OP that was revealed histologically. After excluding six patients who had OP-related diseases (idiopathic interstitial pneumonia, rheumatoid arthritis, etc.), the remaining five patients were studied. Two of them (a 73-year-old man and a 66-year-old woman) showed common clinical feature: acute-onset symptoms of cough and fever, infiltrating shadows and dramatic improvement following treatment with a corticosteroid and anti-mycobacterial therapy. Our cases demonstrate that NTM disease is sometimes accompanied by OP histologically, and some such cases show common clinical features.
Introduction
The clinical spectrum of nontuberculous mycobacterial lung disease (NTM disease) in immunocompetent patients includes fibrocavitary disease, nodular/bronchiectatic disease, solitary pulmonary nodules and hot tub lung (1) . Recently, cases with certain clinical features have been reported: NTM disease accompanied by histologically-proven organizing pneumonia (OP), also known as bronchiolitis obliterans organizing pneumonia (2, 3) , in which patients developed acute or subacute symptoms with infiltrates on chest images, and improved dramatically following treatment with a combination of a corticosteroid and antimycobacterial therapy (4) (5) (6) . We also found similar cases among our NTM disease patients. No description about these clinical features is currently found in the official American Thoracic Society (ATS)/Infectious Diseases Society of America (IDSA) statement regarding the diagnosis, treatment and prevention of nontuberculous mycobacterial diseases (1).
Marchevsky et al. (7) reported in their study of Mycobacteria-positive open-lung biopsy specimens from 40 patients that the specimens of three patients with bilateral diffuse infiltrating shadows and no underlying conditions exhibited OP histologically. We thought that their disease entity might be the same as that of the cases mentioned above. On the other hand, they reported that histological OP was also seen in a patient with multiple discrete infiltrates (7), which suggests that NTM disease accompanied by histological OP may show various radiological patterns other than diffuse infiltrations. To clarify the clinical and radiological features of patients with coexisting NTM disease and histological OP, we reviewed our NTM disease patients in whom materials for histological analysis were available, and herein report our findings. This study was approved by the Himeji Medical Center Review Board (26-4). Among the NTM disease patients treated at Himeji Medical Center, Japan, whose diseases were diagnosed in accordance with the ATS/IDSA guidelines (1) over a 10-year period (January 2003-November 2013), we extracted the patients who had undergone a biopsy or surgical resection while being diagnosed or treated for their NTM diseases. Among them, patients with histological OP were considered to be candidates for the present study. Finally, we excluded patients with diseases wellknown to cause OP. The clinical and radiological features of the subjects were examined retrospectively based on their medical records.
Case Reports
Out of 560 NTM disease patients, 98 patients (55 men and 43 women) underwent histological examinations (biopsy, 42; surgical resection, 65). Their median age was 65 (range 21-84) years, and their main shadows consisted of nodular shadows (49 cases), infiltrating shadows (17 cases), fibrocavitary shadows (15 cases) and others. Out of the 98 patients, 11 cases showed OP histologically, but six of them had diseases that are well-known to cause OP [idiopathic interstitial pneumonia (three patients), lung cancer (two patients) and chronic rheumatoid arthritis (one patient)]. The remaining five patients were included as the subjects of the present study. Based on their chest images, we classified these patients into the nodule group (three patients) and the infiltrate group (two patients). The patients' laboratory data are shown in the Table. Fig . 1 shows representative CT images and histological features of the patients in the nodule group. Mycobacterium avium was detected in a culture from the resected specimen (Case 1) or bronchial washing (Cases 2 and 3). The nodules of Cases 1 and 2 were resected because of a suspicion of lung cancer, and Case 3 was successfully treated with rifampicin, clarithromycin and ethambutol (RECAM).
Cases 4 and 5 belonged to the infiltrate group. Case 4 ( Fig. 2 ) was a 73-year-old man. His chest X-ray that had been taken during a routine health check-up eighteen months earlier showed no abnormalities. At presentation, he complained of fever, and infiltrates were seen. The bronchoalveolar lavage fluid (BALF) obtained at the right upper lobe demonstrated increased lymphocytes (50%), with a CD4/CD8 ratio of 5.86, and was culture-positive for Mycobacterium avium. The transbronchial lung biopsy (TBLB) specimen showed epithelioid cell granuloma and OP (Fig. 3A, B) . Because the shadows worsened, prednisolone was introduced, and the shadows began to improve within one week. Thereafter, RECAM was added, but a cavity remained. As the cavity did not improve, right upper lobectomy was performed. The resected material revealed acidfast bacilli-positive epithelioid cell granulomas with necrosis, and there was fibrosing granulation in the peripheral region (Fig. 3C) . He was treated with RECAM for eight months without relapse.
Case 5 (Fig. 4) was a 66-year-old woman who complained of cough, and her CT showed multiple cavitary nodules. Bronchial washing revealed Mycobacterium abscessus on culture. The shadows improved following treatment with imipenem/cilastatin, amikacin, rifampicin and clarithromycin, and she was subsequently treated with RECAM. She suddenly developed a cough and fever with infiltrates, accompanied by an air bronchogram in the right upper lobe. BALF obtained at the right upper lobe revealed increased lymphocytes (79%), with a CD4/CD8 ratio of 1.36, and yielded no significant bacteria on culture. TBLB showed OP, but not epithelioid cell granuloma (Fig. 5) .
The shadows in this patient migrated. BALF collected from the left upper lobe was positive for Mycobacterium abscessus, but no other organism was detected. Prednisolone was administered, and a dramatic improvement of the shadows was seen. However, with tapering of prednisolone, the shadows relapsed. With an increased dose of prednisolone and gradual tapering, the shadows became stable with 5 mg 
Discussion
OP is a non-specific response to various stimuli or injuries that can be cryptogenic or associated with several causes, such as respiratory infections, connective tissue disease, drugs, radiation therapy, viral infections, myelodysplastic syndrome, aspiration pneumonia, organ transplantation, lung cancer and some occupations or environments (3, 8, 9) .
Histologically, OP was seen in 11 out of our 98 NTM disease patients in whom histological materials were available. However, the coexistence of NTM and OP itself does not necessarily mean that nontuberculous mycobacteria (NTM) induce OP. For example, OP is often associated with rheumatoid arthritis (3), and NTM infections are relatively common in patients with rheumatoid arthritis (10); as a result, OP seems to be related to NTM disease. To strictly study the possibility of a direct relationship between NTM The patient complained of fever, and his chest X-ray and CT scan showed infiltrates with an air bronchogram in the right upper lobe, and ground glass opacities in both lung fields. The BALF was culture-positive for Mycobacterium avium. C: After being followed-up for one month, the shadows increased. D: After the introduction of a corticosteroid, the fever and shadows began to diminish within one week. E: After two months of therapy with prednisolone and anti-mycobacterial medication, almost all of the shadows had disappeared, leaving a cavity. F: An additional five months of the therapy could not improve the cavity; therefore, right upper lobectomy was performed. RFP: rifampicin, EB: ethambutol, CAM: clarithromycin, BAL: bronchoalveolar lavage, TBLB: transbronchial lung biopsy, Ope: surgical resection and OP, we excluded patients with possible OP-related diseases from our subjects, and five patients remained. Strictly speaking, in Case 5, we could not rule out the possibility that rifampicin or clarithromycin, which were administered throughout the treatment course, had induced the OP. However, as the OP was clinically controlled with only 5 mg of prednisolone under the administration of RECAM, we believe that the drugs were not related to the development of OP in this case.
Our five subjects mainly had nodules or infiltrates, which was different from the common constitution of NTM diseases, which are mainly fibrocavitary and nodular/bronchiectatic. This does not necessarily mean that OP more readily accompanies specific types of NTM diseases, because our subjects were extracted from the subpopulation of NTM disease patients who had an indication for biopsy or surgical resection, which might have biased the type of disease.
Our infiltrate group patients (Cases 4 and 5) showed common clinical features. They both showed acute symptoms of fever or cough with infiltrating shadows accompanied by air bronchogram, which improved rapidly by treatment with a corticosteroid and anti-mycobacterial therapy. Similar cases have been reported in the literature. For example, Hamada et al. (4) reported the case of a 67-year-old woman with fever and dyspnea. Her sputa culture confirmed Mycobacterium intracellulare, and TBLB revealed OP that rapidly improved clinically with corticosteroid administration. The chest CT findings of Hamada's case resembled those of our infiltrate group patients.
Jones et al. (5) reported the case of a 58-year-old woman with Mycobacterium avium complex infection, and Starobin et al. (6) described an 85-year-old woman with Mycobacterium kansasii infection with biopsy-proven OP, both of which were successfully treated with anti-mycobacterial medication and steroids. In these reports, the authors speculated that OP was induced secondary to NTM disease or that OP was one of the clinicopathologic features of NTM diseases. Two other reports described a 79-year-old man and 50-year-old woman with similar features, except that their OP was diagnosed only clinically, but not histologically (11, 12) . Waller et al. (13) reported the case of a 32-year-old woman with Mycobacterium avium complex dis- ease with similar shadows and a similar clinical course, although the authors did not mention OP. The close resemblance of these cases warrants us to consider the possibility that they represent a common disease entity.
On the other hand, because we could not recognize a difference in the pathological features between the nodule group and infiltrate group, we suppose that the patients with infiltrates did not have an independent disease, but that the accompanying OP may have modified the clinical features of the NTM diseases, and that cases with severe OP reactions may have acute symptoms and vast infiltrates that require corticosteroids.
Verma et al. (14) reported two cases of hot tub lung (HTL), but one of them had bilateral lower lobe consolidation with air bronchogram, just like our infiltrate group patients. Although they diagnosed their patient with HTL, they discussed the possibility of the diagnosis of OP. The typical histological feature of HTL is bronchiolocentric nonnecrotizing granulomatous inflammation, but some cases have been reported to have OP histologically (15) .
Given these previous studies, the relationship between our infiltrate group and HTL should be discussed. The typical radiological findings of HTL are essentially diffuse infiltrates with prominent nodularity (1), which are largely different from the infiltrating shadows with air bronchogram seen in our infiltrate group. Our Case 4 and the other reported cases (5, 13) showed cavitary NTM lesions, and in our Case 5 and Starobin's case (6), the detection of NTM preceded the appearance of infiltration shadows by one to two years. These findings also are inconsistent with HTL.
The CD4/CD8 ratio in the BALF of HTL patients is generally high (16) , whereas that of cryptogenic OP patients tends to be low (17, 18) . The elevated CD4/CD8 ratio in Case 4 may suggest the possibility of HTL. However, as the CD4/CD8 ratio in the BALF in patients with NTM disease has been reported to be normal or elevated (19, 20) , the CD4/CD8 ratio alone cannot differentiate between OP with NTM and HTL.
In conclusion, NTM diseases are sometimes accompanied by OP histologically, and some such cases have clinical features that are characterized by acute or subacute symptoms, infiltrating shadows with air bronchogram and dramatic improvement following treatment with a corticosteroid and anti-NTM therapy. These striking clinical features and the response to corticosteroid treatment are not currently described in the ATS/IDSA statement on nontuberculous mycobacterial diseases, and clinicians should be aware of such cases when deciding on the course of treatment.
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